it is can be the most favorable urban built-up type if the aim is the decrease the effect of the urban heat load.
I. INTRODUCTION
The Local Climate Zone (LCZ) classification system presented by Stewart and Oke [1] is an outstanding method to represent the local thermal climate. Nowadays this system in used world-wide to describe urban measurement sites, separate different parts of cities or applied as a parameterization for climate models. This system is connected with the near surface air temperature (Ta), which has close connection with surface temperature (Ts) [2] . The difference of the air temperature in each LCZ has been shown [3] . It is still an open question whether the characteristics of surface temperature differ as significantly as the air temperature in different LCZ types. To answer this question the aim of this paper is to examine of the early night-time surface temperature data sets in Szeged, Hungary [2] by LCZ types, and to analyze its alteration between different classes. We investigated the thermal characteristics of the whole area (using the whole measured data) and separately, only of the ground area. The applied surface temperature dataset was available from a previous study [2] where the connection of the Ts and Ta was evaluated.
II. SURFACE TEMPER ATURE

A. Study area
Szeged is located in the south-eastern part of Hungary (46°N, 200E) at 79 m above sea level on a flat plain (Fig. 1) . It belongs to the climatic region Cj according to Koppen's classification (temperate warm climate with uniform annual distribution of precipitation) [2] . Szeged provides a favorable background for urban climate research, since its climate is free from the influences of orography and large water bodies. According to the data of the meteorological station at the University operated by the Hungarian Meteorological Service, the insolation was undisturbed during the daylight hours of these for days with maximum values between S10-S60 Wm-2 . There was no cloud cover and precipitation. On the whole S6-hour period, the air movement was moderate (0-4.7 ms-I ) and during the measurements it ranged between O.S and 3.1 ms-I . The days were rather warm with maximum values of 2S-36°C and with minimum values of 17-22°C at dawn. Consequently, during the investigated period the weather conditions promoted the microclimatic effects of the surface features in Szeged.
C. Surface temperature measurements
The thermal measurements were carried out using a self developed low-cost small-format digital imaging system. The current system is based on the experiences gained during earlier research using thermal [4] and CIR (Color-InfraRed) Small Format Aerial Photography (SFAP) data collected with a small airplane [5] . The system is based on a FUR ThermaCam P65 thermal camera integrated with a navigation system and a GPS/GNSS receiver (Mobile Mapper CE) [6] . The FUR (forward looking infrared radiometer) is a compact single-band thermal camera with a temperature sensitivity of O.OSOC and the spectral range is 7.5 to l3J.tm. The instrument can measure temperatures between -40°C and +500°C and has a resolution of 320x240 pixels. The camera has germanium lenses to register the thermal radiation emitted by the object of investigation.
The flight was planned to achieve 2.5 m resolution with standard photogrammetry overlapping, thus the speed was 120 km h-I and the height was 2000 m agI. The progress in the flight plan was controlled and recorded with Mobile Mapper CE GPS/GNSS receiver.
The measurements in August took place around sunset because there was less direct shortwave radiation disturbing the signals recorded by the camera at that time and the flight did not violate the flight ban of after 22.00 LST. As sunset was at 19.57 LST (17.57 UTC), the airborne images were taken between IS. 15 and 19.45 UTC [2] .
After the survey, the acquired data needed to be post processed. Using software specifically designed for the analysis of the thermal images, several parameters needed to be readjusted. Using the results of the parallel fieldwork the data was calibrated with measured surface temperatures [2] .
As a next step the coordinates of the center points of each separated image was extracted from the GPS track log. These coordinates and the resolution combined to a simple text file (world file). It was the basis of the preliminary coarse geometric correction. These coarse georeferenced images were combined to one single thermal mosaic image by days with a resolution 2.5 m [2] (Fig. 1) .
It was assumed that some decrease can be found in the surface temperatures during the flight times (50 and 51 minutes in 12 and 14 August, respectively). If this dependence from the time is significant, the pixel values have to be corrected to the middle time (19.00 UTC) of the survey according to the general cooling tendency. A statistically established trend was found only during the evening of 14 August [2] .
TABL E!.
NAMES AND CODES OF THE LCZ TYPES (AFTER [ID
Built types
Laud cover types The original purpose of the LCZ system was the characterization of the local environment around a temperature measurement site in terms of its ability to influence the local air thermal climate. Therefore, the number of types is not too large and their separation is based on objective, measurable parameters. LCZs are defined as "regions of uniform surface cover, structure, material, and human activity that span hundreds of meters to several kilometers in horizontal scale" [I ] . Their names reflect the main characteristics of the types (Table 1) .
The LCZ types can be distinguished by typical value ranges of measurable physical properties. These properties describe the surface geometry and cover (sky view factor, aspect ratio, fractions of building, pervious and impervious surfaces, height of roughness elements, terrain roughness class) as well as the thermal, radiative and anthropogenic energy (surface admittance and albedo, anthropogenic heat output) features of the surface. As a result, the LCZ system consists of ten 'built' and seven 'land cover' LCZ types (Table  1) . Although the system was not originally designed for mapping, the mapping of the urban terrain can be proved an efficient use of the system to determine areas which are relatively homogeneous in surface properties and human activities.
In the context of the LCZ classification system, the urban heat island intensity is not an 'urban-rural' near surface air temperature difference (�Tu-r)' but an air temperature difference between pairs of LCZ types (�TLczx_Y), that is an inter-zone temperature difference [3] . Consequently, the usage of the system allows the objective comparison of the thermal reactions in different areas within a city and between cities (intra-urban and inter-urban comparisons).
B. Spatial pattern of the Local Climate Zones in Szeged
In order to apply the LCZ system in the study area, that is to delineate the types occurring therein, a recently developed automated method was used [7] . Altogether seven 'built' and five 'land cover' LCZ types were obtained. Their pattern In and around Szeged is presented partly in Fig. 2 . Table I too)
IV. SURFACE TEMPERATURE CHARACTERISTICS OF LCZS
To obtain the surface temperature characteristics of the different LCZs each surface temperature reading was overlaid with the LCZ polygons. In order to examine the characteristics of the ground area the thermal mosaic was also overlaid with building footprints of Szeged. Finally each measured surface temperature value stored into a text file with its LCZ type (2, 3, 5, 6, 8, 9 and 0 for land cover types (A, B, C, 0, G)) and with building identifier (l for building and 0 for ground). From this text file the basic statistical parameters of different LCZs were calculated with Fortran algorithms.
A. Surface temperature in the total area Fig. 3a presents the frequency of surface temperature by LCZ classes on 12 th August for the total surface. The most frequent temperatures range between 21 and 25°C. Compared to the other types the Ts of LCZ 9 is different, because it has no specific range with large frequencies. For the aggregated land cover zones there are two Ts peaks: the smaller is at 15°C, while the larger is at 21°C and the range is slightly similar to LCZ 9. The high temperature values appear more often in cases of LCZ 8 and LCZ 2.
The frequency of the surface temperature for LCZ types on 14 th August is slightly different (Fig. 3b) . The reason for the larger frequency of higher values is the continuous warming tendency of the weather situation during these days. The majority of LCZs the temperature range between 27 and 29°C are the most common. In this case the LCZ 9 is also different, where this range is between 23 and 25°C. In case of land cover zones there is only one Ts peak with high frequency around 24°C. 
B. Ground temperatures
The frequency pattern of the surface temperature values for only the ground surface on 12 th August is a bit similar to the total surface, but few significant differences are present (Fig. 4a) . The highest values have a wider range compared to the total area. The shape of Ts distribution in LCZ 9 is similar to the total surface area (Fig. 3a) . For the land cover zones and LCZ 6 the value of 21°C is the most common, but the distribution is different: the double Ts peak also appear in the land cover zones. LCZs 3 and 5 are similar and the most frequent values are between 23 and 25°C. The other two similar LCZs are 8 and 2 with the peak at 25°C.
The most frequent temperatures on 14 th August are also shifted compared to the other investigated day (Fig. 4b) . The distribution is similar to the total surface case (Fig. 3b) , but there are only minor differences. For example in cases of LCZ 2 and 3 the most frequent values are higher and are around 29°C.
The box-plot diagrams allow further findings about the Ts characteristics of LCZs (Fig. 5.) . The LCZ 2 differs from the others both days as the median temperatures (�26°C and �29°C) and also the upper and lower hinges are the highest. The LCZ 3 is mostly similar to LCZ 5, but its lower hinge is closer to the median. The LCZ 6 separated form first three most urbanized type, its temperature range is not so high. LCZ 8 has wide temperature range as its upper hinge and median are close to LCZ 2 but the lower hinge is close to LCZ 6. The LCZ 9 is mostly similar to the land cover types but its upper Ts hinge is significantly higher than the one of the aggregated non-urbanized LCZ types.
V. CONCLUSIONS
As a conclusion we can state that the obtained surface temperature are differs in the different Local Climate Zones in the studied urban area. The difference is less significant than in the case of air temperature in some LCZs (e.g. compact mid-rise, compact low-rise and open mid-rise). Based on the results the open low-rise type (L CZ 6) has the lowest early night-time Ts within the most densely populated LCZ types. Thus, to decrease the thermal load in urban areas then the preference of this built type LCZ type can be a solution for the urban residents.
These findings are just a result of a case study and we used only the early night-time surface temperatures. Nevertheless, if a more detailed surface temperature dataset is available with high temporal resolution, then more useful information can be obtained in order to help the climate mitigation strategies in the urban areas .
